T and conceptual stages to estimate loads for flight simulations and for structural analysis, and to prepare for more costly CFD runs and wind-tunnel tests. The MISDL code 1-4 is a panel-method-based prediction method enhanced to model missiles at high angles of attack including extensive vortex modeling. MISDL can model conventional as well as unconventional body shapes, fin planforms, and fins with arbitrary spanwise dihedral. The paneling method and has been enhanced to better model configurations employing flap control surfaces along any edge of the modeled lifting surfaces.
II. Technical Description A. Description of MISDL
The intermediate-level aerodynamic prediction code MISDL [1] [2] [3] [4] is based on panel methods and classical singularity methods enhanced with models for nonlinear vortical effects. It predicts longitudinal and lateral-directional aerodynamic characteristics including nonlinear Mach number and body and fin vortex wake effects. MISDL can model noncircular body configurations and configurations with unconventional fin shapes. The body of the missile is modeled with conformal mapping (if noncircular) and by either subsonic or supersonic sources/sinks and doublets for volume and angle of attack effects, respectively. The fin sections are modeled by a horseshoe-vortex panel method for subsonic flow and by constant pressure panels for supersonic flow. Up to three fin sections can be modeled, and nonlinear fin and body vortices are modeled. The body vorticity is modeled using the VTXCHN vortex-cloud method. 5, 6 The overall calculation proceeds as follows: 1) the forebody loads are computed including effects of body vortex shedding and tracking, 2) loads within the forward fin set are calculated including the effects of forebody vorticity, 3) the vorticity shed from the forebody and the forward fin set is included as an initial condition in the VTXCHN module which tracks and models additional vortices shed from the afterbody, and 4) if second or third fin sets are present, steps 2 and 3 are repeated. A schematic of the calculation procedure and paneling layouts is shown in Fig. 1 .
Recent enhancements have included: additional options for specification of shed vortex properties (core size), improved modeling of deflected fin shed vorticity, better modeling of lifting surfaces with flaps, increasing the number of circumferential body panels within a fin section to better capture mutual fin-body carryover forces, and the option to extend the fin section body panels both forward and aft of the fin leading-and trailing-edges to better model the fin loading carryover.
The range of parameters of the MISDL code includes Mach numbers from 0.0 to 3.0 with a modified shock-expansion capability to higher supersonic speeds, angles of attack up to 20°, arbitrary roll angles, and rotational rate effects. For bodies alone, the angle of attack range limit exceeds 40°. Fins can have arbitrary planform shape and spanwise dihedral including modeling of wrap-around and folded fins. 4 An empirical stall model is included for modeling fins at high angles of attack. A version of MISDL employing an optimizer was used to design unconventional fin planforms for several design objectives including minimization of fin hinge moments and maximization of normal force. To model flaps in MISDL, input parameters are deflined which control the specification of flap geometries and panel distributions over the main fin and the flap panels. The deflection of the flaps is handled within the flow conditions input file making it easy to specify a rangle of deflections and to generate large aerodynamic databases for simulations and design. Fig. 4 illustrates the representation of a simple trailing-edge flap and a more complex wing with leading-and trailing-edge flaps, and outboard trailing edge ailerons. Currently, the flap modeling is for simple flaps; slotted and multiple segment flaps are not modeled explicitly. Within the methodology employed in the subsonic and supersonic panel methods, the panel deflections can be handled in two ways. The first incorporates the panel deflections as additional local camber within the boundary conditions formulated to solve for the panels strengths. The second method geometrically deflects the panels about the flap hinge line. The second option is a recent addition to the methodology and is currently under going additional testing. All results present in this paper utilize the "camber" option unless otherwise stated.
III. Results
This section presents longitudinal and lateral-directional aerodynamic predictions for several configurations employing flaps for control. These range from low to high aspect ratio fins/wings, and speeds from subsonic to supersonic.
NACA RM A53C20
7 -diamond-wing with full span flap The body diamond-wing configuration shown in Fig. 5 Because the results indicate that MISDL is predicting an early stall for this diamond wing, the section stall model's maximum lift, Cl max , was increased by adjusting a user input variable to better match the experiment. In addition, flaps increase the maximum lift coefficient that is achieved by the airfoil section of the wing. The comparsions in Fig. 7 indicate much better agreement at the higher angles. 
NACA RM A52D01c
11 -delta wing with full-span constant-percent-chord flap The body delta-wing configuration shown in Fig. 9 was investigated. The wing aspect ratio is 2 with a leading-edge sweep of 63°. The chord length of the full span flap is ¼ of the local chord. The wing airfoil sections are NACA 63-0005. For the MISDL calculations, the body was approximated as an ogive-cylinder. The flap effectiveness is presented as a function of Mach number and flap deflection angle in Fig. 10 . Because the flap deflection is modeled through equivalent camber, the deflection angle must be input in the streamwise/chordwise direction rather than as a rotation about a swept hinge line indicated in Fig. 9 . The streamwise flap deflection is given by:
δ F = tan -1 (tanδ HL cosΛ HL ) In addition, for subsonic Mach numbers and δ F > 10°, the F δ correction of USAF DATCOM 9 (Fig. 4.1.1-40 ) is applied as described above.
Flap effectiveness results at α = 0° were obtained for δ F corresponding to δ HL angles of +5, 0, -2.5, -5, -10, -15, -20, and -25°. The flap effectiveness at supersonic speeds is predicted very well. At subsonic speeds, the effectiveness is estimated well up to 10° flap deflection. Above 10°flap deflection, and for the transonic Mach numbers of 0.8 and 0.9, the predictions overestimate the effectiveness of the flap. This is seen in the lift coefficient. For M ∞ = 0.6, the predictions are in agreement with the experiment for deflections of -15 and -20 but have the wrong trend with increasing Mach number. Deflection of flaps at transonic speeds often results in shocks on the suction surface as the flow accelerates. These effects require additional investigation. 
NASA TM X-2367
12 -low aspect ratio fin at supersonic speeds The body-fin configurations of NASA TM X-2367 is shown in Fig. 11 . The body consists of a 2.67 caliber blunted-cone-ogive nose combination followed by a six-caliber cylinder. The fin has a root chord of 4.33 calibers, an exposed span of 1.33 calibers, and a leading edge sweep of 72.9 degs. The fin aspect ratio (two fins joined at the root) is 1.23. The flap chord is 7.7% of the root chord and extends from the body a length of one diameter. maximum roll is higher and at a larger angle of attack. These are very large deflection angles, and therefore, the results depend on the empirical sectional lift stall model in MISDL. This stall model was developed for correcting airfoil lift curve properties for wings, but may not be fully applicable to configuations such as the all-movable wing tips where gap effects and flow separation have strong influences. Capturing some of the trends is encouraging. To better understand the rolling moment characteristics, Fig. 17 plots the normal forces on the right and left wings of the configuration. The red curve corresponds to zero wing tip deflection. The predicted rolling moment characteristics shown in Fig. 16 are the result of differences in the forces on left and right wings with the primary differences in loading acting on the deflected tips. The three deflection sets in Fig. 17 correspond to the three curves in Fig. 16 . The middle curve of Fig. 17 depicts δ TIP = 0/-30 results and correspond to the green curve in Fig. 16 . The characteristics of the rolling moment arise from subtle differences in the wing loadings. For +15/-15 deflections, both wings are completely stalled at the highest angle of attack resulting in a near zero rolling moment. To further illustrate the wing loading and resulting rolling moment, Fig.  18 show the span load distribution for three flow conditions: 1) α = 15°, δ TIP = 0/0; 2) α = 0°, δ TIP = +15/-15, and 3) α = 15°, δ TIP = +15/-15. The α = 15°, δ TIP = 0/0 configuration does not produce a net rolling moment and is used a a reference for the α = 15°, δ TIP = +15/-15. For both of these conditions, the stall model is engaged. The -15° deflection on the right wing unloads the tip and this effect carries over to the inboard wing. The left wing at +15° indicates that the wing tip is stalled; the loading is nearly the same as the undeflected wing result. And, the α = 0°, δ TIP = +15/-15 results show the characteristics of the span load distribution which includes only the tip deflection effect. 
IV. Conclusion
MISDL is an engineering method suitable for creating large aeroynamic databases for conceptual and preliminary design. This paper presents an initial investigation of the ability of the prediction code to estimate the aerodynamics of configuration employing trailing-edge flaps for control. The methodology employed predicts flap effectiveness for preliminary design and analysis efficiently. The current study indicated that the MISDL flap modeling benefits from empirical correction factors for flap deflection above 10°. The correlation factor in USAF DATCOM provides a means for this and will be include in the methodology. In addition, high-fidelity results from wind tunnel tests and/or CFD, at specific flow conditions, can be used to develop corrections to MISDL generated databases through data fusion methods. Modeling of geometrically deflected flaps, rather than through the camber distribution, is also being investigated. Fundamentally, the geometric deflection is preferred, but practically, issues arise in the panel solution due to panel-onpanel influences, especially for panels next to the body. In addition, future work will investigate individual flap forces and hinge moments about the flap hinge line.
